Predation after release is one of the major concerns of hatchery fish 11 conservation and propagation. However, the relationship among the size of hatchery fish, the 12 predator species, and their behaviors in natural environments is largely unknown. To understand 13 the relationship, we conducted predation experiments in outdoor tanks and a semi-natural stream 14 with exposure to local predators. Two different ranges of fork lengths of masu salmon 15 (Oncorhynchus masou) were examined as prey sizes. Camera trap data showed that grey herons 16 (Ardea cinerea) were the primary predator animal in the system, and that most herons utilized 17 shallow areas in the morning or evening. Increasing the density of stocked salmon brought in 18 more grey herons. More importantly, predation by grey herons resulted in the survival rate of 19
Predation by riparian wildlife is widely recognized as a key factor influencing the survival of 29 fishes in stream ecosystems (Kruuk, 1995; Draulans 1987; Roby et al. 2003; Steinmetz et al. 30 2003; Sahashi and Yoshiyama 2015) . Salmonid fish populations reduced by riparian wildlife 31 have been reported, not only for stocked populations, but also for wild populations (e.g. 32
Osterback et al. 2013; Frechette et al. 2015) . It is also noteworthy that stocked salmonids are 33 often intensively preyed upon by birds (Wood, 1987; Martel and Dill, 1995 improvements which decrease predation pressure on stocked fish require a profound 47 understanding of both predator and prey behaviors. Additionally, as food size preference depends 48 on predator species (Carss and Marquiss 1991, Sogard 1997 ) and the ability of fish to avoid 49 predators depends on fish size (Dill and Fraser 1984), we need to consider the size effect of prey 50 fish. 51
To evaluate the impacts of predation by riparian animals, it is necessary to evaluate the 52 relationships among the predator species, their behaviors, and their preferred size of prey in a 53 place that allows for free movement of all parties. However, the number of studies on this 54 relationship is limited due to the difficulty in identifying species of predatory riparian animals 55 and observing their predation behavior directly. These studies are further complicated due to 56 in this study. The YOY and OYO salmon were graded from five rearing tanks (50 cm width × 77 120 cm length × 20 cm depth, the supply amount of water is set at 18 L/min) and a large tank (3 78 m width × 1.5 m length × 0.9 m depth, the supply amount of water is set at 150 L/min) 79 respectively. The YOY fish used were 75-100 mm fish (75-100 mm FL-group, hereafter) and 80 the OYO used were 135-160 mm fish (135-160 mm FL-group, hereafter). The body size range 81 of the YOY salmon is bigger than that of general stocked YOY salmon in Japan (Sahashi et al. 82 2015) , however the body size ranges are within those of the masu salmon that are stocked in the 83 Shobu-shimizu River and the Jigoku River. In addition, the size range of YOY masu salmon are 84 recommended as an effective body size for preventing predation by piscivorous fish in rivers 85 around central Japan (Miyamoto and Araki 2017). Before the start of the study, fish were fed 86 daily food rations (commercial trout pellets) equal to 1. USA) was set in the south side of each tank to monitor the whole tank. The presence of cover 96 and gravel substrate are set so that masu salmon can show near natural behavior, allowing hiding 97 and escaping (Miyamoto 2016a), thus minimizing experimental stress. During the study days the 98 stocked fish were fed daily food rations (commercial trout pellets) equal to around 2.0% of their 99 body weight. Spring water, 10.2 ± 0.3°C (mean ± SD) was introduced into each tank at a rate of 100 6 L/min. Two different fork lengths (FL) of masu salmon were used as the size of prey fish, 101 75-100 mm FL-group (mean ± SD, 91.9 ± 7.0 mm) and 135-160 mm FL-group (145.8 ± 6.8 102 mm). 103
To evaluate the size-selective predation risk, 30 fish (15 from each FL-group) were 104 placed in each tank. The number of fish of each FL-group that survived was counted each day for 105 three days. The survival rate of salmon was then compared between the two FL-groups. To 106 identify the predator animals, the number of photos taken by camera trap (described in the 107 section below) was counted. 108 To investigate the distribution of salmon in the stream, the fish in each section were 133 closed in by fish block nets (8-mm × 8-mm mesh) at the end of the experiment to prevent them 134 from moving between the sections. When fish were caught by electrofishing, each fish was 135 lightly anesthetized with 100 ppm 2-phenoxyethanol (Wako Pure Chemical Industries, Tokyo, 136 Japan), its fork length and body weight were measured, and the section that the fish was caught 137 in was recorded. To identify the predator animals, 3 cameras (Trophy Cam HD, Bushnell, 138
Overland Park, KS, USA) were arranged in each section and placed at 10-m intervals along the 139 riverside to monitor both sides of the stream, and the number of photos that were taken by 140 camera traps (described in the section below) was counted for each section. In addition, to 141 estimate the predation behavior of wild animals, the position of potential predators (at pool or 142 riffle) in photos was recorded. Then, to investigate the position that predators utilized, the 143 proportion of predators located around pools or riffles was calculated in each section, then the 144 average proportions were compared. 145 146
Camera trap 147
To assess predator encounters during day and night, potential predators were recoded using 148 motion and infrared sensor camera traps in the tank experiments and the semi-natural stream 149 experiment. Each camera was mounted on a wooden stake so that the camera was about 50 cm 150 above the water's surface. Cameras were triggered with a passive infrared motion sensor; the 151 F o r R e v i e w O n l y 9 camera was set to wait 15 seconds after an initial trigger entered its sensor range before 152 attempting to detect additional triggers. To identify predators and estimate the frequency of their 153 visits to the study site, all the photos containing potential predators were checked by KM. For 154 some ambiguous species identifications, additional checking was performed by a local wildlife 155 expert Dr. T. Takeda from Nikko National Park. When more than one potential predator was 156 captured in a photo, the species and their number was recorded. In addition, the number of 157 photos that showed predators capturing or eating fish was counted, and the predator species was 158 recorded. 159 160
Statistical analyses 161
In the tank tests, Two-way ANOVA was used to determine the effects of study days and fish fork 162 length on the survival of salmon. Additionally, a second set of ANOVA tests were used to 163 determine how the number of salmon, and salmon size, effected the number of photos containing 164 riparian predators in the stream test. One-way ANOVA was used to compare the average 165 proportions of the predators located around pools and riffles in the stream. Count data that 166 contain zeros was log (x + 0.5) transformed prior to analysis (Yamamura 1999), or, when 167 proportions were tested, data were arcsin √x transformed. Tukey HSD test was used as a 168 post-hoc test. 169
For the semi-natural stream experiment, Pearson's chi-square test was used to compare 170 In the tank experiment, cameras captured grey heron (Ardea cinerea), Japanese marten (Martes 181 melampus), raccoon dog (Nyctereutes procyonoides), and large-billed crow (Corvus 182 macrorhynchos). The total number of photos containing potential predators was 186 (including 183 three photos with ambiguous species, which were identified by the local wildlife expert). A total 184 of 173 photos of grey heron were taken and there were six photos or fewer of each of the other 185 animals (Japanese marten: three times, raccoon dog: four times, large-billed crow: six times). 186
Twenty one photos showed grey herons capturing prey fish. Therefore, in tank experiments, grey 187 herons were regarded as the main predator. 188
With regard to the size-selective predation risk, both the length of the study days and the 189 Table 1 ). The fish survival rate was significantly higher in the 75-100 mm FL-group 192 than in the 135-160 mm FL-group during the study days (Tukey HSD test, all shows P < 0.050) 193 ( Fig. 2) . 194
In the Two-way ANOVA test for frequency of predator appearance, only the number of 195 fish in the tank had a significant effect on the number of photos containing grey herons (Number 196 of fish, F 2, 12 = 149.26, P < 0.001; Fork length, F 1, 12 = 2.48, P = 0.141; Number of fish × Fork 197 length, F 2, 12 = 0.02, P = 0.981) (Table 2) The overall survival of the fish in this experiment was 18.0% (n = 72). The survival of them was 204 significantly higher for the 75-100 mm FL-group (33.0%, n = 66) than for the 135-160 mm 205 FL-group (3.0%, n = 6) (Peason's χ 2 test, χ 2 = 60.98, df = 1, p < 0.001). 206
There was no significant difference between the proportion of fish that survived in each 207 section between both fish groups (Peason's χ 2 test, χ 2 = 0.77, df = 3, p = 0.86). Comparing the 208 surviving proportion (we hypothesized a uniform 1:1:1:1 ratio) showed there was a significant 210 difference (Peason's χ 2 test, χ 2 = 15.43, df = 3, p < 0.001). Accordingly, the number of fish 211 surviving in Sec. 2 was significantly higher than the average number of fish capture in each 212 section (ASR = 3.4, p < 0.010) (Fig. 4) . 213
Cameras captured grey heron, brown dipper (Cinclus pallasii), Japanese red fox (Vulpes 214 vulpes japonica) and large-billed crow during the predation test in the semi-natural stream. The 215 total number of photos containing potential predators was 470. Among them, 455 contained grey 216 heron. There were fewer than 10 photos of other animals (brown dipper: one times, Japanese red 217 fox: seven times, large-billed crow: seven times). The most grey heron photos (n = 104) were 218 taken at Sec. 2 on day-5 ( Fig. 5) . Of all the pictures that contained grey herons, 76.5 % were 219 taken at Sec.2. Five photos had two grey herons in each picture, and two photos had three grey 220 herons in each picture, all photos with multiple herons were taken in Sec. 2 between day-4 and 221 day-7 after stocking. Seventeen photos showed grey herons capturing prey fish. Grey herons 222 were most frequently photographed in the mornings and evenings. 223
In order to investigate the position that grey herons utilized, 412 photos were analyzed 224 showing grey heron around the pools (6.88 ± 10.68 %) ( Fig. 1c ) was significantly lower than 226 those around the riffles (93.13 ± 10.68 %) ( Fig. 1d ) (F 1, 6 = 53.13, P < 0.010) (Fig. 6 ). The 227 In the 20-day stream experiment, 82% of fish were lost and that grey heron was the most 232 frequently visiting predator. It has been previously reported that salmonid populations can be 233 seriously damaged by avian predation (Feltham 1995 for hunting. Our observation that grey herons showed a significant preference for the riffle, 241 rather than the pool, in the semi-natural stream is consistent with previous studies. Thus, where 242 local salmonids reside in shallow water, it is reasonable to expect that grey herons exert a high 243 predation pressure. 244
On the first day of the tank experiments, grey herons preyed upon large salmon more 245 often than upon small salmon. In both the tank and the stream experiments, the survival rate of 246 One potential cause for the higher survival rate of larger fish is improved swimming ability that 260 allows them to better avoid predators as they grow (Beamish 1978; Lundvall et al. 1999) . 261 However, the grey heron is an ambush predator that usually stands upright and waits for a fish to 262 approach (Tojo, 1996) , so the swimming ability that a fish possesses to avoid aquatic predators 263 has significantly limited benefits to them in this case (Miyamoto 2016b), and large size might 264 make fish more detectable. Therefore, to decrease predation risk by wild animals, we suggest that 265 suggests that for the duration of our stream experiment many salmon stayed in Sec. 2, as multiple 287 grey herons simultaneously appeared frequently in that section. We also captured more fish in 288 Sec. 2 by electrofishing than in any other sections on the final day of the stream experiment. 289
These results indicate that most stocked fish gathered without migrating from the initial stocking 290 site and continued to be preyed upon there. This situation may have serious implications for the 291 conservation and propagation of salmonids and it is important to further investigate the spatial 292 and temporal relationships between salmonids and their predators. 293
The results of this study showed that the grey heron has a tendency to avoid deep water 294 and foraging in the middle of day and night. In contrast, it previously was reported that grey 295 herons forage constantly during the daytime (Richner 1986; Sawara et al. 1990 ), so human 296 activities (Klein, 1993) and other feeding sites (Richner 1986) in the surrounding environment 297 could have had an effect on the observed behavior. Grey herons infrequently forage at night, and 298 it has been suggested that such feeding behavior is inefficient (Sawara et al. 1990 ). Therefore, to 299 decrease the predation pressure of grey herons, just after the fish were released, it might be wise 300 to stock fish in a deep area or at night (Roberts et al. 2009 ), or both. In this way, if we can 301 develop techniques to mitigate predatory damage to fisheries by investigating the relationship 302 between stocked fish and predatory animals, it will not only help the conservation and 303 
